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ABSTRACT 


This study is based on evidence that the bursa 
of Fabricius plays an important role in the development 
of immune competence, The bursa has two distinct compo- 
nents, epithelium and lymphocytes, The lymphoid tissue 
regresses and the epithelium may, or may not persist a 
long time. The basic question of this study was simply, 
how long does the epithelium persist? Ancillary quest- 
ions were, does the epithelium function specifically in 
the early part of life, and particularly in the later 
part of life, if so, how? 

Bursa epithelium was found in the oldest birds 
examined, in some birds it was not, A relationship was 
demonstrated between survival and persistence of the epi- 
thelium which was interpreted to mean that epithelial 
persistence enhances survival. 

A possible functional activity of persisting 
epithelium was indicated by results of light and electron 
microscope studies, histochemical studies, innervation 
studies and RNA and DNA precursor uptake studies, 

A demonstration of specific epithelial function 
in the development of immune competence was attempted 


through bursectomy and replacement experiments, Neonatal 
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pb 
surgical bursectomy inhibited or delayed antibody pro- 
duction and increased mortality. Immediate replacement 
of extirpated bursas significantly restored antibody pro- 
duction and significantly reduced mortality. A clear re- 
lation of neonatal epithelium to the restoration was not 
demonstrated, The results do not preclude the implied 
relation, 

Entirely different effects were obtained by 
surgical bursectomy of adult bursas undergoing lymphoid 
regression, These were a significant increase in the mag- 
nitude of variation of peripheral leucocyte counts and a 
tendency towards enlargement of other lymphoid organs, 

The increased magnitude of variation of leucocyte counts 
in bursectomized birds was evident in two ways. There was 
peesres variation in bursectomized counts in comparison to 
unoperated and sham operated counts at each weekly measure- 
ment and also in terms of the increase or decrease of peri- 
pheral leucocytes from week to week, The tendency toward 
other lymphoid organ enlargement was not uniform in both 
sexes, Spleen enlargement was observed in individuals of 
both sexes but thymic cortex enlargement was demonstrated 
only in females, The suggested explanation of these ef- 
fects is the involvement of the adult bursa and, by implic- 
ation, the persisting epithelium of the bursa, with spleen 


and thymus in the maintenance of the lymphoid system, 
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INTRODUCTION 


The bursa of Fabricius and thymus are the primary 
lymphoid organs of birds, These appear as epithelial rudi- 
ments during the fifth day of embryonic life, Lymphoid 
differentiation begins at seven and one half days in the 
thymus (Ackerman and Knouff, 1963) and during the thir- 
teenth day in the bursa (Meyer, Rao and Aspinall, 1959), 
Thus, the bursa is the second avian lymphoid tissue, 

The bursa consists of an endodermal epitheliun, 
lymphoid follicles and a mesenchymal stroma, The epithel- 
ium surrounds a central lumen opening into the proctodeal 
chamber of the cloaca, Longitudinal folds of the epithel- 
ium reduce the lumen to a complex of interconnecting slits, 
Each fold contains many lymphoid follicles which maintain 
continuity with the epithelium, Between follicles there is 
a mesenchymal core continuous with an external sheath of 
mesenchyme, Peritoneum covers the organ, The mature bursa 
LS Oval; approximately’ 3.5°cem, long and 1.5 cm. wide,” and 
points forward in the peritoneal cavity from the posterior 
dorsal aspect of the cloaca to which it is connected by a 
Scaic, 

Surgical expirpation of late embryonic and early 
neonatal bursae severely impairs or inhibits antibody pro- 
duction and reduces serum immunoglobulin levels, numbers of 
splenic germinal centres and plasma cells (Cooper, Cain, 


Van Alten and Good, 1969). Treatment of the embryo with 
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2 
testosterone inhibits bursa lymphoid development and sev- 
erely impairs antibody production up to eight months later 
(Mueller, Wolfe and Meyer, 1960). Surgical bursectomy or 
testosterone treatment have little or no effect when per- 
formed two weeks after hatching or later (Mueller, Wolfe 
and Cote, 1964, Warner and Burnet, 1960). Thus there is a 
relationship between the bursa and antibody production but 
fers subject to manipulation only very early in life, 

The bursa does not remain static throughout life, 
It grows to maximal size by twelve to fourteen weeks and 
then rapidly regresses to less than 30 per cent of maximal 
weight by twenty two weeks (Sheridan, 1967). This implies 
that the bursa has an important role during the development 
of the immune system but has little to do with homeostasis 
or maintenance of immune competence in adult life, 

Growth and regression of the bursa have been mea- 
sured by change in weight (Glick, 1956) and thus represent 
quantitative rather than qualitative changes, This rapid in- 
crease and decrease in weight really represents a prolifera- 
tion of lymphocytes in lymphoid follicles followed by a rapid 
loss of lymphoid follicles. The regressed bursa is largely 
an epithelial ‘structure (Jolly, 1915)and the epithelium may, 
not be subject to regression as is the lymphoid tissue of 
the bursa, Thus, the questions are raised: how long does 
the epithelium sof the bursa persist, does it function inga— 
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The first step in this study is a description of 
the persistence and character of the bursa in time with part- 
icular reference to the epithelium, The second step is an 
attempt to identify molecular and functional peculiarities 
of mature and regressing bursae and the third step is an at- 
tempt to relate the mature epithelium to immunological func- 


tion, 
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eR AL: PERSISTENCE OF THE BURSA OF FABRICIUS 


MATERTALS AND METHODS 
Persistence of the bursa of Fabricius 

In order to assess the disappearance or, converse- 
ly, the persistence of the bursa as an organ, I decided to 
examine Single Comb White Leghorns raised from Hyline Poul- 
try Farm Stock (Hyline Poultry Farm, Johnston, Iowa) be- 
cause of known data on the regression of bursa weight in 
White Leghorns (Sheridan, 1967) and, because this stock is 
under genetic control. Other lines (Black Rock, White Rock 
and Barred Rock, University of Alberta, Dept. of Poultry 
Science) were selected simply for their availability, 

A total of 138 birds ranging in age from 2 to 54 
months were examined histologically to ascertain the pres- 
ence or absence of the bursa, 

Up to 6 months of age, bursas were grossly ap- 
parent and were selected for examination as needed, Beyond 
6 months of age, bursas were frequently not grossly appar- 
ent, Then, the posterior dorsal cloacal area of each bird 
was dissected out, fixed in formal-Calcium (Barka and Ander- 
son, 1965), gum-sucrose impregnated, cryostat sectioned and 
stained by a rapid hematoxylin-eosin method (Stevens and 
Mainwaring, 1967), whether a recognizable bursa remnant was 


present or not, 
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Histochemistry and Histology of bursa epithelium 


Because of the possibility of modification of the 
epithelium of the bursa during regression, histochemical 
studies of enlarging and regressed bursas were carried out 
as follows: 

Azure -A staining (after Szirmai, 1963) with ribose- 
nuclease, diastase and hyaluronidase digestions (Culling, 
1964, Pearse, 1961) to detect protein and polysaccharide 
components, 

Alcian blue-periodic acid Schiff staining (after 
Scott, Quintarelli and Dellova, 1964), with hyaluronidase and 
trypsin digestions to detect protein and acidic mucopolysac- 
charides, 

Acridine orange fluorescent staining (Bertalanffy, 
1962) with ribosenuclease digestion to detect RNA, 

Biebrich Scarlet staining (Spicer and Lillie, 1961) 
to detect protein, 

Naphthol phosphate methods for alkaline and acid 
phosphatases (Barka and Anderson, 1965) for comparisons with 
known associations of alkaline phosphatases with lymphoid 
follicle development (Ackerman and Knouff, 1963) and acid 
phosphatases with bursa epithelium (Chen, 1968). 

Some of the preceding methods were applied to cop- 
rodeal and proctodeal epithelia for comparison, 
Ultrastructural Studies 


Epithelial areas of enlarging and regressing bursas 
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6 
were fixed, embedded and sectioned for examination with the 
Phillips 100 B electron microscope after the methods of 
daitt (1961). 

RESULTS 
Persistence of the Bursa 

The first birds examined were the Black, White and 
Barred Rocks 12 to 34 months old, The results are shown in 
Figure 1, A small, epithelial, non-lymphoid bursa was found 
in 79 per cent of the birds, Most of the birds lacking any 
detectable bursa remant were 12-14 months old; only a few 
were 15 months old, 

The data pertaining to the White Leghorns examined 
is shown in Figure 2. In short, up to 6 months of age all 
birds have a bursa which is epithelial but decreasingly lym- 
phoid. That is, the size and number of lymphoid follicles 
decreases, From 8% months on, only 63 per cent of the White 
Leghorns examined had an epithelial bursa remnant, 

Bursa Persistance and Age 

Two striking observations were apparent in the pre- 
ceding histological survey. Fifteen month old birds had the 
highest incidence of epithelial non-lymphoid bursa than any 
other age range in both the White Leghorns and the other 
breeds examined, This raised the possibility that there 
might be a relationship between the absence or presence of 
the bursa and age, detectable through analysis of survival. 


Accordingly, a survival curve was constructed from mortality 


boy at iW ceeds) «ds %o ree! Lari iiapoe abezu < 
le WOT 3 veleidwess ail .bia askteren pt ah? 7 
Wisk ay Baxi bloat =a, int iswltjqu qian 
Vite sriigion: |\abyid, vild to doom -zorty Paras 19) 
\ — 

wes B Yio ,;51o satonem Sf-8h stew thease Sains ide 


3SLiMNexs eotodged atid edo al origkep ps eG) sees 


~ 


(6-520 160 edie oc od og 
~my i ybgrtestszoeb deni ia tlods hie 2 Foie 
siotiiod Biatiqey! to ssdame bee Gels was 


tai sis 30-3485 £50) CO Dabo. ia nO (eter: ooh cee 


~2Snittes Seno iol Pots “a hi be oft. 


7 7 
is 7 


SE ie 


ond aig ni Ameusygqes STEW snaiissrzoedo Baiebaae AW, 
aa: bad euitd nig’ iokmoie ABT «yewde sks Uk ORS , 
. Vas gett Betas’ ‘Ronpwret -tr Jaxciuijins Tats 
‘tetig siz ‘Bow dorsi! asitdw-ads Sod. nk owen 
omeds sane’ Pergeriee ee af) bdazwe basic 


: fo sombre, tooadibade ors togwssd. g 


7 | -  tewaiestig Ro abe ene dgiients sc dit agile 
} : elarae BOK Das oes erz 2, awa svete: Dew v2 te s ; 
a - _ iz oo _ : «a - 


a - 7 


7 
data taken from White Leghorns, These birds were part of 
the hatches raised for the histological survey, but had not 
been utilized for that purpose, The survival curve can be 
separated into three distinct lines according to the regres- 
sion of per-cent survival on age (Figure 3). This indicated 
the correct partitioning of the superimposed bursa 'surviv- 
al' curve (direct transformation of data from Figure 2) for 
analysis, A chi square test of the three age ranges of pro- 
portions of bursa absence or presence was significantly 
different. This is interpreted to mean that the proportions 
of birds with and without bursas changes considerably during 
the three periods of the survival curve, The changes indi- 
cate that birds which lose the bursa entirely between 6 and 
10 months tend to die during that same period, This would 
sinker considerable survival value on the persistence of the 
epithelial component of the bursa, | 
Histology of Regressing bursas 

Bursa regression is largely due to a decrease in 
size of lymphoid follicles beginning at 2% months of age, 
By 8 months, lymphoid follicles have decreased in diameter 
by a factor of 10 to 0.1-0.75 mm, Persistence of lymphoid 
follicles beyond 8 months is in the form of isolated folli- 
cles, 0.1-0.35 mm, in diameter, adjacent to, but not gener- 
ally within the bursa remnant, Within the 8 month and old- 
er remnant there are consistently large areas of lymphocyte- 


like cells which are located near the lumen epithelium but 
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lack follicular organization, 

Figures 4 through 7 show a month old enlarging 
bursa, a 15% month persisting bursa and two intervening 
stages, Figures 8 and 9 show two extremes in size of per- 
sisting bursas, Most bursas which persist are of the same 
morphology as in Figure 8, about 5-6 mm. long and about 
3-4 mm, in diameter, Persisting bursas were sometimes 
much smaller but rarely any larger, 

Histochemistry and Histology of bursa epithelium 

Morphological and histochemical studies of en- 
larging (3 month old) and persisting (13 month old) bursa 
epithelia, and of 13 month proctodeal and coprodeal epi- 
thelia are summarized in Tables I and II, These indicate: 

(1) Persisting bursa epithelium is less complex, but 
similar to enlarging bursa epithelium, 

(2) Cloacal epithelia (proctodeal and coprodeal) are 
morphologically and histochemically distinct from the epi- 
thelium of enlarging and persisting bursas. 

(3) Ribosenucleic acid and protein which stains at 
slightly acidic pH are major components of material in 3 
month and 13 month epithelia. 

(4) An unidentified acidic polysaccharide component 
is associated with the protein and is localized near the ep- 
ithelial surface in 3 month and 13 month bursas, 

(5) Alkaline phosphatase activity is found just below 


the epithelium of all ages of bursa examined, 
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3 
(6) Acid phosphatase activity is found in epithelial 
cells near the lumen surface in all ages of bursa examined, 

Histochemically, within the limits of the tests 
employed, persisting epithelium is not different from 3 
month epithelium at the peak of bursa development, 

Figures 10 through 19 illustrate the difference 
between bursal and cloacal epithelia, some of the histo- 
chemical results described and a comparison of enlarging and 
persisting epithelia, 

In some extremely regressed bursas, a new type of 
epithelium is apparent. Such a bursa was shown in Figure 9 
and the epithelium in Figures 20 and 21. The epithelium is 
cuboidal, approximately 10 to 15 microns in thickness and 
appears in lymphoid follicles during the process of regres- 
aoe This epithelium is distinct from persisting epith- 
elium in several characteristics: it lacks associated alka- 
line phosphatase activity, it has a simple cuboidal cellular 
structure and it demonstrates very little acid phosphatase 
activity. 

The products of lymphoid follicle degeneration are 
contained and seem to persist in cysts bounded by this epi- 
thelium, For that reason it has been designated cyst epith- 
elium, 

I found no bursa remnant in which cyst epithelium 
was the predominant or only epithelium present. Persisting 


epithelium is always predominant in a regressed bursa, 
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Ultrastructural Studies 


Ten and Twelve week old Bursa 

Sections of epithelium from three different bursas 
were examined, The epithelium is pseudostratified columnar 
with a cuboidal organization in the basal area, Desmosomes 
are common and form terminal bars at the lumen surface be- 
tween adjacent cells, At this age the typical nucleus is an 
ellipsoid 7-8 microns long, Nuclei are at 4 or 5 levels. 
The elongated cells are interdigitated with each other and 
with the smaller cuboidal cells of the basal layer, Basal 
cell nuclei are round or oval, 4-5 microns in diameter, Most 
cells contain large vacuoles of transparent material, Some 
cells have smaller more dense vacuoles, The vacuoles occupy 
large areas of the cell adjacent to, or at some distance 
from the lumen surface, A Golgi apparatus of stacked mem- 
brane systems and multivesicular bodies is well developed, 
Numerous short microvilli, up to 500 millimicrons long and 
100 millimicrons wide are irregularly spaced at the apical 


end of each cell and project into the lumen, 


Twenty-six week old Bursa 


Sections of epithelium from seven bursas were ex- 
amined, In contrast to the younger epithelium, only the 
round or oval nucleus is present, These are at two levels, 
in a single columnar cell layer and in a basal cell layer, 


and are 4-5 microns in diameter. Interdigitations, desmos- 
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11 
omes and terminal bars are seen as in the three month epi- 
thelia, Large and small vacuoles containing transparent 
material are in most cells of the columar layer and in 
some of the cells of the basal layer. These vacuoles are 
more numerous and smaller than in the younger epithelium, 
Dense vacuoles are larger and more numerous near the lumen 
surface, Microvilli and Golgi apparatus are not strikingly 
different than in three month epithelium, 

These results indicate that: 
(1) Bursa epithelial cells at three months and six or sev- 
en months contain similar secretory material, 
(2) Epithelial cells of both ages are similar in morphol- 
ogical details of microvilli, terminal bars and interdigit- 
ations, 
(3) The nuclear morphology, characteristic of the younger 
epithelium, is not common in the older tissue, The basal 
layer of the epithelium is similar at both ages, 
(4) The architecture of the epithelium changes slightly 
from three to seven months in that a large elongated cell is 
not present to the same extent at seven months and the whole 
epithelium becomes thinner, 

The ultrastructure of bursa epithelium I observed 
was consistent with published observations of bursa epithil- 


ium (Cheville, 1967). 


aby -AGimgen satis “Sdd. Heh ee Dae 
temag eels - Siinkesgbo sobibaay i 
ak bas’ -soyal seowtos 304 %e stion.J 
vas abtosigay seedt eyed fsead ai peu 
wire Lets tee TABMUOY edo. ace tracit et hale 
ransil ots “een eeros Syon bmw. seyent i 
ates tess to saa Suse que gion. bata are ya 
ot ar} Basibigy fet reat eat ah: anf’ 3 

:aeds agenbhval stone vent: 

fe fo) he Des edioon ae $f ailes iotiadditge 's 
| fet rscluct yse: 1229088 = Lae eum 
lodeueur ity tal inte Me enw Feel Sa siieo 


a 


| -Ofazhysun! boa/ciusd Ioutirey.\ Peeain Ie aoe 


Z j 


SEUUGY (atid 2o site caine acondgnant oe 
Teese alt’ >. sun4is =ibbonseeh: my sini pie 
ata da as linia as oust alae 

| 


Sy Iiso bsasgiotg ‘eapacls 


olodw sit bis actasnom 5 Suis» ade at 


sere oT ted: 


- , 
D be = 
-livtiigs £eused tars 


12 


PART 2 PHYSIOLOGICAL CHARACTERISTICS OF ENLARGING AND 
REGRESSING BURSAS 

MATERIALS AND METHODS 
Innervation 

There is. little available information regarding 
the innervation of the avian bursa, To consider the bursa 
as an organ raises the question: What innervation exists 
and does it persist? Bursas ranging in age from 20 days 
embryonic to 15 months were examined for adrenergic nerves 
by the paraformaldehyde fluorescence method (Falck, 1962) 
and for cholinergic nerves by the butyryl-thio cholinester- 
ase method (Karnovsky and Roots, 1964). Standard silver 
impregnation methods and an in vitro methylene blue uptake 
method (Arthur and Shelley, 1959) were used to detect neu- 
rons, As a control the Gomori method for reticulin fibres 


was applied to some sections, 


Radioactive Thymidine and Uridine uptake 


Since bursa epithelium persists and protein and 
RNA are major components of epithelial cells, mitotic and 
synthetic activities should be detectable in epithelium of 
all ages, 

These activities were examined in bursas taken 


at 3 to 29 weeks, 


The first experiment was short term tissue cul- 
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13 
ture of fragments of 3 week and 20 week bursas in medium in- 
corporating labelled thymidine or uridine. The isotopes 
were; uridine He 24.7 C/mM (New England Nuclear) and thy- 
midine See 17.5 C/mM (Amersham). The culture medium was 
Hank's Balanced Salt solution (BSS) 40%, chicken serum 40% 
and 10 day embryo extract 20% (Parker, 1961). Each culture 
contained 25 uC of isotope, 100 units/ml. penicillin and 
100 ugm./ml., streptomycin, Labelling was for two hours at 
40° C, and under 95 per cent oxygen and 5 per cent CO,, 

The culture medium was then replaced with fresh medium con- 
taining an excess of cold thymidine or uridine, Tissue was 
then rinsed in BSS five times prior to Bouin fixation and 
paraffin processing. Some sections were tested with ribo- 
senuclease and all slides were stained with hematoxylin 
and eosin, air dried and then coated with liquid emulsion, 
Autoradiographs were made using Kodak NIB 2 liquid emulsion 
according to methods of Prescott (1964). 

The second experiment was designed to afford an 
in vivo comparison with tissue culture, Tritiated thymid- 
ine or uridine was either (a) injected directly into the 

lumen of surgically exposed but intact bursas of 

anaesthetized birds or 
(b) injected intravenously into 
the brachial vein and locally into the general area 


of the bursa in intact birds. 
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14 
In the first case 50uC of thymidine-H? was injected into 
the bursa of a 13 week old bird and 50 uC of uridine-H? 
into a 13 week and a 29 week bursa, The birds were main- 
tained in this condition for 85 or 90 minutes, The bur- 
sas were then excised and processed as described above, 
In the second case two 7 month old birds were 


given isotope as follows: 


Bird #15 Bird #446 

thymidine-H3 uridine-H> 
intravenous 550uC 650uC 
local 200uC 200uC 
750uC 850uC 


After 24 hours the birds were sacrificed, the bursas removed 
and treated as described, RNAase and DNAase digestions were 
controls, 

All autoradiographs were exposed for three weeks, 
developed in Kodak D-19 developer and fixed, Grain counts 
per cell were made in epithelium, supportive and lymphoid 
tissues. 

RESULTS 
Innervation 

Silver impregnations demonstrated neurons in the 
20 day embryo bursa and in 6, 15 and 17 month bursas, Com- 
parable sections treated to demonstrate reticulin fibres nev- 
er displayed a similar distribution of morphology of fibres. 
The number of demonstrable neurons in the microscopic field 


increased during lymphoid regression in the bursas treated 
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LS 
with the methylene blue method, Neurons frequently approach- 
ed the follicular cortex in the growing bursa, but in the re- 
gressing bursa they approached the stroma and basal cells in- 
mediately beneath the persisting cece ee Directecontact 
of neurons and epithelium was observed occasionally. The in- 
creased number of demonstrable neurons during regression may 
be a mechanical redistribution due to actual shrinkage of the 
bursa, 

The Falck method demonstrated adrenergic fibres in 
2 day chick bursas apparently in the inter follicular connect- 
ive tissue, Fibres or neurons as such were not resolved but 
the flourescence was specific as it was quenched by sodium 
borohydride treatment and renewed again after reexposure to 
paraformaldehyde (Corrodi, Jonsson and Malmfors, 1966). In 
older and regressing bursas adrenergic fibres were demon- 
strated near epithelium and more frequently just outside 
the periphery of the bursa, 

The methylene blue uptake method was intended as 
a comparison to the standard silver methods in some older 
birds, It was by this method that the increased numbers of 
neurons were demonstrated (Figure 30). Ehinger, Sporrong 
and Stenevi (1967) suggested that this method may actually 
be specific for cholinergic fibres. Tests for acetylchol- 
inesterase were always positive but there was a specificity 
problem in that eserine sulphate inhibition (Karnovsky and 


Roots, 1964) was not always complete, There were extensive 
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areas of enzyme activity just beneath the epithelium of 6 

month and older birds, This result was consistent, but no 

fibres were detected, This method was not applied to birds 
younger than 21 weeks because of the failure to demonstrate 
cholinergic fibres (by their cholinesterase activity) in 
those bursas which were examined, The results of the inner- 
vation studies could be summarized as follows: 

(1) Neurons were found in bursas of all ages examined, 

(2) Adrenergic nerve fibres were found in bursas of all 
ages examined, 

(3) Methylene blue detected many fibres but attempts to 
prove that these were cholinergic failed, 

(4) When lymphoid follicles are present, some fibres pene- 
trate the lymphoid cortex; in the absence of follicles 
some fibres appear to approach very close to the epi- 
thelium, 

(5) A large ganglion of the autonomic system is close to 
the base of the bursa, 

Some of these results are shown in Figures 28 

through 34, 

Radioactive thymidine and uridine uptake 

The results of the tissue culture experiment with 

3 week and 20 week bursa fragments are shown in graphic form 

in Figure 35, By this method of labelling, isotope incorp- 

oration was minimal- and rarely exceeded 3 grain counts/cell, 


At both ages the incorporation of uridine-H? by bursa epith- 
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17 
elium was three times that of the stroma cortex or medulla, 
RNAse digestion reduced the number of grains by half but 
the tissue ratio remained the same, 

Thymidine-H> incorporation was much less than uri- 
dine but epithelial incorporation was slightly more than all 
other areas of the bursa in both 3 and 20 week tissue frag- 
ments, The low incorporation of both labels and the consist- 
ent higher epithelial incorporation suggest a surface absorp- 
tion effect, 

The results of the in vivo administration of label 
are shown in Figure 36, Incorporation in vivo was much more 
extensive than in culture, The increase cannot be due to 
difference in amount of label as the time of labelling was 
less in vivo than in culture, Differences were apparent ac- 
Bae iae to the age of bursas, the route of administration 
and the particular label given, 

In 13 week bursa given intra-bursa uridine-H>, 
the epithelium and the sub-epithelial connective tissue 
(stroma) incorporated up to 5 grains/cell, The cortex of 
lymphoid follicles adjacent to the epithelium demonstrated 
double the epithelial activity. The medulla incorporated 
much less, Most of the thymidine incorporation occurred in 
the epithelium; the sub-epithelial stroma and follicles 
were less active, The epithelium which lies at the base of 
the follicles and is continuous with the medulla did not 


incorporate thymidine. 


he 


banod' of) Be 


a 
solo h tee) Shedepay 
ry 


aap 
= 
S 


20° salt 


18 

Intra-bursal administration of isotope did not 

produce uniform labelling of tissues, Figure 36B shows two 
epithelial counts demonstrating a five-fold difference, 
The high count is from an area close to the point of inject- 
ion of the isotope, the low count is some distance away (ap- 
proximately 1 cm.). The short time of labelling did not per- 
mit extensive diffusion of label throughout the lumen, 

Background activity was negligable. 

The incorporation of uridine-H? following intra- 
bursal administration in 28 and 29 week bursas was not dif- 
ferent from that in 13 week bursas, Epithelial incorpora- 
tion at this age was much less when given by the intraven- 
ous route, This suggests a non-specific absorption of thy- 
midine or uridine by epithelium when the base is injected 
into the bursa lumen or provided in tissue culture, 

In the 28 and 29 week bursas the cells incorpor- 
ating thymidine-H? are not at the same location as the cells 
which incorporate at 13 weeks, In the latter, incorporation 
is primarily nuclear in the basal layer of the epithelium, 
in the older bursas, fewer cells incorporate more isotope 
and the cells are distributed in the basal layer of the per- 
sisting epithelium and in the sub-epithelial connective tis- 
sue, 

The few lymphoid follicles in the 28 and 29 week 
bursas were in the process of regressing. These follicles 


still demonstrated considerable uridine and thymidine-H> 
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incorporation, Cells incorporating thymidine-H? were heav- 


ily labelled and not distinguishable from the heavily lLab- 


elled cells near, or within, the epithelium, 


(1) 


(2) 


(3) 


(4) 


Ah, 


These results may be summarized: 
RNA synthetic activity in 13 week bursas is highest in 
the follicular cortex, least in the medulla and inter- 
mediate in the epithelium, 
RNA synthetic activity in 28 week bursa epithelium is 
comparable to activity in 13 week epithelium, In 29 
week lymphoid areas activity is comparable to that in 
the 13 week medulla. 
Mitotic activity in the 13 week bursa is highest in the 
basal area of epithelium between follicles, In 28 and 
29 week bursas, comparable activity is found in cells 
generally located in or near the basal layer of the epi- 
thelium, 
The data may indicate an absorptive capacity of the epi- 
thelium of 13 week and 28 or 29 week old bursas and a 
transport of label or cells from the epithelium to other 
tissues in the bursa, 


These results are illustrated in Figures 37 through 
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PART 3 THE RELATION OF THE BURSA TO 
IMMUNOLOGICAL FUNCTION 


Neonatal Bursectomy Experiments 
MATERIALS AND METHODS 


A more suitable system to study the effect of bur- 
sectomy and replacement on immune function than had been en- 
ployed was suggested in 1964 by Mueller, Wolfe and Cote, 

This was the measurement of immune response by the production 
of natural agglutinins to heterologous erythrocytes and im- 
plantation of autologous bursa cells in restoration attempts. 
The effect of bursectomy on natural agglutinin production is 
directly related to the age of the operation (Mueller, Wolfe 
and Cote, 1964) and the ontogeny of natural agglutinin pro- 
duction in chickens has been described (Wolfe, Carrol and 
Cote, 1962; Seto and Henderson, 1968). This implies that the 
relation of the bursa to natural agglutinin production is re- 
stricted to a very early period in life, | 

Chickens produce natural agglutinins to a variety 
of heterologous erythrocytes. Antibodies to rat, rabbit and 
human A, O and B cells have been demonstrated, Their pro- 
duction is attributed to bacterial antigens encountered early 
in life (Springer, Horton and Forbes, 1959); some of the 


antibodies to E, coli and other bacteria cross react with 
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erythrocytes, 

I attempted to study the effects of bursectomy ($B) 
and immediate replacement of whole autologous bursa (% + B) on 
the production of natural agglutinins to rabbit erythrocytes. 
The % operation was the same described by Sheridan (1967). 

In the § + B operation, the bursa was surgically removed, 
rinsed in Hanks Balanced Salt solution containing penicillin 
and streptomycin as described previously for tissue culture, 
blotted slightly on sterile tissue and simply replaced in situ 
with blunt forceps, Attempts were made to maintain some de- 
gree of sterility in the actual replacement, Operations were 
performed within three hours of hatching. Wounds were washed 
once with penicillin-streptomycin solution (100,000 units and 
100 ug./ml.), some of which remained within the peritoneun,. 

| During the experiments Hyline Poultry Farm or com- 
mercial White Leghorn (De Zeeuws, Edmonton) fertile eggs were 
hatched in a Jamesway incubator, separated into experimental 
groups, subjected to treatment and raised together in a bat- 
tery brooder. All birds were given the antibiotic Tylosin 

in the drinking water (2 gm./ gall.) the first three days post 
hatch, Throughout the experiments all birds were raised in 
groups of six per cage in the same room, 

In all experiments natural agglutinins to rabbit 
erythrocytes were measured as follows, Serum was obtained 
from 1-2 ml. of brachial vein blood by clotting at room 


temperature for 1 hour and then at 2-4 degrees C, for 4-6 
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22 
hours, The microtitre agglutination plate (Cooke Engineer- 
ing Co., Virginia) technique was used, Antigen was a 2% 
suspension of washed rabbit erythrocytes diluted in Alsev- 
er's solution (Kabat and Mayer, 1961). The serum diluent 
was 0,88% saline, Antibody was diluted by doubling dilut- 
ions from well to well with microtitre delivery loops 
starting with undiluted serum in the first well, Titres 
were expressed as logs dilution, 

RESULTS 

Three experiments were carried out, The experi- 
mental design consisted of three groups; sham operated con- 
trols, bursectomy and replacement, Two experiments were 
performed with Hyline stock, one with locally obtained com- 
mercial stock, The total numbers of the experimental groups 
surviving for the duration of these experiments were; con- 
trol, 20; bursectomy, 18 and replacement, 22, These exper- 
iments were intended primarily to test the effect of bursec- 
tomy and bursa replacement on antibody production and, sec- 
ondly, to test the hypothesis that bursa replacement would 
reduce the mortality attributed to bursectomy. During the 
four months of each experiment there was an overall increase 
in antibody production but there was considerable variation 
within and between experiments. To overcome this, the data 
were analyzed in terms of the mean of all operated individ- 
uals in comparison to the control group mean, This type of 


analysis is presented in Figure 45 for antibody production 
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23 
and in Figure 46 for the proportion of antibody producing 
individuals in each operated group. 

Antibody is not detectable with the microtitre 
system until 4-6 weeks of age, Antibody titres increase 
gradually to a plateau level around 12 weeks of age. That 
is, serum natural agglutinins increase very rapidly from 
about 6-12 weeks of age and less rapidly thereon, In these 
experiments antibody titres were measured at two week in- 
tervals from 6 or 7 to 16 weeks of age. In Figure 45 on- 
ly those birds producing detectable antibody are consid- 
ered, 

At 7 weeks of age bursectomized individual titres 
were 1,2 Log) units lower than control titres and bursect- 
omized-replaced individual titres almost 3 Log, units lower. 
Only 45% of the bursectomized individuals produced antibody 
in comparison to 100% of the control group and 70% of the 
bursectomized-replaced individuals (Figure 46). During 
the following 5 weeks, titres of bursectomized individuals 
increased gradually to within 0.8 Logs of control levels, 
and the proportion of antibody producing individuals in- 
creased to 66% of the control proportion, In contrast, 
titres of bursectomy-replacement birds, in the same time 
interval, increased much more rapidly to deg6 Logo above 
control titres, The proportion of antibody producers in- 
creased 10% to 80% of control. In both groups the increase 


in proportion of antibody producing individuals is linear 
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24 
over the duration of the experiments. Thus, at 16 weeks of 
age all of the bursectomy-replacement individuals produced 
antibody and 80% of the bursectomized individuals produced 
antibody, From 12 to 16 weeks the higher than control tit- 
res of bursectomized-replaced individuals rapidly decreased 
to meet control levels and the titres of bursectomized in- 
dividuals maintained the slow rate of increase to meet con- 
trol levels, 

Several effects of bursectomy and bursectomy-re- 
placement became apparent from these data, The immediate 
effect of bursectomy is to inhibit antibody production in 
some individuals and to delay the attainment of high titres 
in other producing individuals, Some of the inhibited in- 
dividuals recover subsequently, others do not. Figure 47 
shows titre frequency distributions at 8 and 16 weeks, il- 
lustrating this point, All individuals which do produce 
antibody initially, at whatever level, eventually produce 
antibody at nearly the same level as controls. 

The effect of replacing the bursa is more strik- 
ing than the effect of bursectomy, The proportion of in- 
dividuals which produce little or no antibody is half the 
proportion in bursectomized individuals. Thus the effect 
of replacement is detectable six or seven weeks after the 
operation, However, the amount of antibody each producing 
individual demonstrates is only one half of that produced 


by bursectomized individuals and one eighth of that pro- 
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25 
duced by unoperated controls. Thus, with bursa replacement, 
the early benefit of more antibody producing individuals is 
countered by lower individual production. The second and 
major effect of bursa replacement is an increase in the rate 
of individual antibody production such that individual tit- 
res exceed unoperated control titres by one to two logs units. 
The increase is preceded by a delay in antibody production 
and is followed by a decline to control levels at 16 weeks of 
age. 

Survival, the second aspect of these experiments, 
was analyzed in only one of the three experiments; the one 
employing commercial White Leghorn stock, This was because 
the Hyline stock simply did not suffer sufficient mortality. 
This is attributed to the difference in hardiness between 
Hyline and other commercial stocks (G. R. J. Law, Hyline 
Poultry Farms, personal communication, 1969). The mortal- 
ity for this experiment is shown in Figure 48, The raw 
numbers of the survival data are as follows: 27 of 31 con- 
trols, 17 of 22 replaced birds and 10 of 23 bursectomized 
birds survived to 17 weeks. 

The mean survival times of the three groups 
were, control 109.3 days, replacement 99.6 days and bur- 
sectomy 79.4 days, An F test resolved significant differ- 
ences of means between bursectomy and either of the two 
other groups. Replacement of the bursa conferred a signif- 


icant increase in survival in comparison to bursectomy, 
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26 
In order to relate the presence or absence of 

the bursa to natural agglutinin titre all the birds of the 
preceding experiments were killed at 20 weeks of age and 
the presence or absence of the bursa determined by the 
histological methods described, This analysis is shown 
in Table III. The first part of the table refers to bur- 
sectomized and replaced birds which had produced consist- 
ently high or low titres, Birds which failed to produce 
natural agglutinins were not included, Birds with a bursa 
at 20 weeks tend to have approximately double the natural 
agglutinin production of birds without a bursa, 

| The second part of the table deals with the pres- 
ence or absence of the bursa at 20 weeks of age in fourteen 
birds of each original operated group and shows no indic- 
ation that the original operation had any real effect on 
the proportion of birds maintaining a bursa until 20 weeks 
of age. This meant that I should follow the immediate per- 
sistance of a replaced bursa, Bursectomy-replacement oper- 
ations were performed on a group of 13 newly hatched chicks 
as described, Two weeks later I could find implants in on- 
ly 8 of the 13 (61%). There was no evidence of implants 
in 5 and there were no detectable bursa remnants at the or- 
iginal site in any of the 13, The recovered implants had 
not grown appreciably although they were attached to the 


posterior body wall above the cloaca and were vascular, 
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TABLE III 


Autopsy data from replacement experiments, re- 
lation of presence or absence of the bursa at 
20 weeks to natural agglutinin titre and to the 


original operation performed, 


20 week 
20 week autopsy Mean titre + S. E, 
Bursa 
present 13 DI Ies WeDo 
Bursa 
absent 14 Bg2-e. 873 
Original Operation 
20 week autopsy Bursectomy Replacement 
Bursa 
present ") 4, 5 
Bursa 
absent 19 10 9 
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28 
ADULT BURSECTOMY 

In one of the replacement experiments previously 
described, there was an additional experimental group dis- 
carded after the start of the experiment, This was a group 
of birds given an additional bursa with no interference to 
their own, These birds were in no way different from con- 
trol birds with respect to antibody production or survival 
and, for this reason were not incorporated into experiment- 
al results, 

This group however, did afford an opportunity to 
test the implied restriction to the early period of life 
of the relationship between the bursa and natural agglut- 
inin production, Accordingly, at 14 weeks of age, seven 
individuals were subjected to surgical bursectomy, the re- 
maining three to sham operations, There was no detectable 
effect on natural agglutinin production over the following 
six weeks in any of the birds, But, most of the bursect- 
omized birds appeared unhealthy: comb and wattle color 
was pale and feathers had a wet, straggly appearance, [I 
took blood and peritoneal fluid smears for Giemsa stain- 
ing anticipating evidence of bacterial infection, There 
was no such evidence, but the blood smears suggested large 
differences in total leucocyte counts in bursectomized and 
sham operated birds, Hemacytometer counts of total peri- 
pheral leucocytes did demonstrate such differences (Table 


IV). This trial experiment provided the basis for the ex- 


periments which follow, 
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TABLE IV 


Peripheral leucocyte counts at 19 weeks of age 
in birds bursectomized or sham operated at 14 
weeks of age. (These birds originaliy were given 
an additional bursa at hatching with no demon- 
strable effect on antibody production) An ex- 


ternal control (sham operation at hatching) is 


included, 
Operation Number of Leucocytes/cu.mm, 
birds Whole blood 
5 as 
~ 14 weeks 7 65,000 , +. 7,000 
Sham 14 weeks 3 38,000 +£ 5,000 


Sham 1 day 2 36,000 + 4,500 
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MATERIALS AND METHODS 

An operative technique was devised for surgical 
bursectomy at 14 weeks of age when lymphoid regression is 
under way, but the bursa is still relatively accessible, 
Birds were anaesthetized with sodium pentothal (60 mg/ke 
body weight), Cloacal and abdominal areas were plucked and 
washed with 70% ethanol, A skin incision was made from the 
sternum to the ventral aspect of the right side of the vent, 
Muscle and peritoneum were separated by blunt dissection, 
The bursa was located and dissected free from the posterior 
body wall dorsal to the cloaca, The bursa was lifted free 
ited retractors and the stalk cut close to the cloaca, No 
sutures were taken in the cloacal stalk. Incisions in peri- 
toneum, muscle and skin were closed with 4-0 and 5-0 chromic 
gut sutures, Penicillin (30,000 units) and streptomycin 
(50 mg) were given intramuscularly. Sham operations were 
identical with the exception of cutting the bursa stalk, 
Two experiments were set up. The first consisted of a bur- 
sectomized and a sham group of four females and one male 
each, The second consisted of an unoperated control (no 
antibiotic treatment) group of four females, a bursectom- 
ized group of five males and five females, and a sham group 
of five males and five females. 

All birds were maintained in adjacent cages un- 
der the same conditions. At the same time and day each 


week or each two weeks the birds were weighed and blood 
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and serum samples taken, Leucocyte counts and natural ag- 
glutinin titres to rabbit erythrocytes were measured through 
the fifth post operative week (19 weeks of age). A series 
of blood samples were taken over 24 hours from two bursect- 
omized and two sham operated birds to measure diurnal leu- 
cocyte count variation, Total leucocyte counts and weight 
data from both experiments were pooled according to sex in 
order to reduce some of the variation, 

RESULTS 

There were no post operative deaths in the first 
experiment, One bursectomized female died three weeks post 
operation in the second experiment, Pooled female weights 
and natural agglutinin titres are shown in Figure 49, Mean 
weights of bursectomized birds were initially and consist- 
ently 40-50 gm. less than sham operated birds, At the term- 
ination of the experiment (20 weeks of age) all female birds 
were in a weight range of 1050 to 1400 gm, There was no in- 
dication of a weight loss attributable to bursectomy. Nat- 
ural agglutinin titres of bursectomized birds tended to be 
lower than sham titres in the second, third and fourth weeks, 
The differences were not significant, 

The means and standard errors of total leucocytes 
counts /cu. mm, are shown in Figures 50 and 51 for females 
and males respectively. In females, two extremes are appar- 
ent; extremes of high and low counts and, extremes of var- 


iation in leucocyte count from week to week, For example, 
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unoperated birds tended to have the highest means, sham op- 
erated birds the lowest means and bursectomized birds means 
fluctuated between the two extremes from week to week, To 
illustrate, the five week average of week to week fluctuation 
of the mean leucocyte counts for bursectomized females was 

14,220 and for sham operated females, 5,024, The compar- 
ative variation in leucocyte counts at any one week is simil- 
ar to the weekly fluctuations, Means of the standard errors 
were; bursectomized females - 7,214, sham operated females - 
5,105, unoperated females - 3,706. 

In male birds (Figure 51), the same tendencies are 
Baten’, For example, the mean week to week fluctuation of 
leucocyte count means from the second to fourth weeks for 
bursectomized birds was 14,600 and for sham operated birds 
was 3,455, The mean standard errors were respectively 
),290,and.5 ,308, 

The peripheral leucocyte counts of all individuals 
tended to increase or decrease from week to week together. 
A similar cyclic diurnal increase and decrease was observed 
in the four birds tested (Figure 52) but the maximum 24 
hour variation was not more than 10% of the maximum individ- 
ual week to week variation, 


DIFFERENTIAL VARIATION 


During the experiments several differential counts 
of Giemsa stained blood smears were made, Granulocytes were 


between 10 and 14 per cent of the total cells counted, No 
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bacteria were ever observed in any of the smears, 
EFFECT OF ADULT BURSECTOMY ON SPECIFIC ANTIBODY PRODUCTION 

Since there was an indication that bursectomized 
adults were partially deficient in natural agglutinin pro- 
duction, it was logical to test their ability to respond 
to specific challenge, This was done in the fifth post 
operative week of the first experiment, Five females and 
one male of the bursectomized and the sham operated groups 
were injected intravenously with one ml. of a 50 per cent 
suspension in Alsever's solution of washed chicken erythro- 
cytes of another genotype. The recipients were B2B14 and 
the cells B13B13. Normally, up to three injections over 
three weeks are required to elicit high serum antibody 
titres in this system (David et al., 1966). I anticipated 
a weak response which might be sensitive to impairment by 
bursectomy, Serum titres were measured 5 and 7 days after 
challenge, No difference between bursectomy and sham oper- 
ation was detected (Table V). 
INFLUENCE OF ADULT BURSECTOMY ON OTHER LYMPHOID ORGANS 

The extreme variations I observed in leucocyte 
counts in bursectomized birds suggested there might be a 
detectable effect of the operation in the spleen or the 
thymus. Another reason for examination of the lymphoid 
organs was the possibility of bursa regrowth, According- 
ly, at the end of the experiment, birds were weighed, 


killed, examined for residual bursa tissue, and the spleen, 
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TABLE V 


Antibody production in response to 
injection of B13B13 chicken erythro- 


eytes: into BZ2b14 birds, 


Titres and Mean Titres 


Operation Days after injection 
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35 
residual bursa, if any, and four lobes of the thymus were 
taken from a number of individuals in each group, weighed 
and fixed for histological examination. 

All of the shams possessed a typical twenty week 
regressing bursa, Some bursectomized birds had residual 
bursa tissue but it was always encysted and atypical, In 
detail, the average weight of residual bursa in three of 
nine bursectomized females was 0.374 gm. In six sham oper- 
ated females the average weight of residual bursa was 1.79 
gm. and in the four unoperated females, 0.944 gm, In three 
of four bursectomized males the average bursa weight was 
0.252 gm. and in three of four sham operated males, 1,112 
gm. This indicates that bursectomy at fourteen weeks was 
often incomplete, but that there was little or no regrowth 
of the bursa, 

Spleen weights expressed as per cent of body 
weight tended to be different but there was not sufficient 
individuals to detect significance, Bursectomized females 
and males had heavier spleens than sham or unoperated con- 
trols and males had heavier spleens than females (Table VI). 

Bursectomized females tended to have heavier thy- 
mus lobes than sham and unoperated controls but in males, the 
tendency was opposite. 

In summary, bursectomy at fourteen weeks of age 
effects a disturbance of peripheral leucocyte kinetics in 


both males and females; it tends to effect a splenic en- 
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36 
largement in both males and females and it tends to effect a 
thymic enlargement in females only, 

If there is a thymic enlargement in females, the 
question arises; is it due to enlargement of the cortex, 
the medulla or both, Histological preparations were made of 
several thymus lobes from each of five bursectomized and 
five sham operated females, Measurements of the total thick- 
ness of cortex and medulla across the widest area of each 
thymus lobe were made in terms of ocular micrometer units. 
The mean values were obtained from at least 10 different 
sections for each individual. Every bursectomized bird de- 
monstrated measurable cortex tissue and the mean ratio of 
cortex-medulla was 0.77. Two of five sham operated females 
had no measurable thymic cortex and the mean ratio was 0.10. 
These values of cortex and medulla thickness were plotted 
and the regression lines calculated (Figure 53). The two 
lines appear to be very different and a t test of slope was 
significant (p .05). Thymic enlargement in bursectomized 
females is evident in cortical thickness which is related to 


the absolute size of the medulla, 
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TABLE VI 


Spleen and thymus weights in relation 
to body weight at 20 weeks in birds 
bursectomized, sham operated or unop- 


erated at 14 weeks of age, 


Spleen weight 4 lobes thymus 
per. cent perm cent body 


Operation (N) body weightX10~> weightXx10- 
Females 

Bursec tomy 6 2OSe ree Si ie Sosa ti toso 
Sham 8 POCSL SLO 59eS eatoes 
Unoperated 4. 175.0 BYERS 

Males 
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* =» Standard error calculated, No differences 


were significant. 
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DISCUSSION 

The basic purpose of this study is a consideration 
of the persistence and function of the epithelium of the bur- 
sa of Fabricius of the chicken, The approaches I chose were 
simple, First, I examined the physical characteristics of 
the epithelium of the organ in very old birds, in young a- 
dult birds and in very young birds, Second, I examined the 
immunological consequences of removal and replacement of the 
organ in very young birds and of removal of the organ in 
young adults, Three principal questions were asked; how 
long and in how many birds does the epithelium of the bursa 
persist, udoes it function. particularly in the adult, i£ ‘so, 
how? 

In answer to the first question, I found persist- 
ing epithelium in 77 per cent of White Leghorns and 79 per 
cent of the other breeds examined in the age range of 12 to 
34 months, The implication is obvious; bursa epithelium 
is present in three of four adult birds, As for how long 
the epithelium persists, the most appropriate statement is 
that the presence or absence of the epithelial component of 
the bursa cannot be predicted for any mature individual. 
Bursa epithelium was found in birds as old as four years 


and was not found in birds as young as six months, This 
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39 
is consistent with Jolly's original study in 1915 but my 
finding of 78 per cent epithelial persistence in adults, 
is not. However, an analysis of the distribution of birds 
with and without persisting epithelium according to age 
suggested a possible relation between age and epithelial 
persistance and survival. The greatest incidence of birds 
without a bursa is from 6 to 10 months, This corresponds 
closely to the period of the most severe mortality. The 
obvious suggestion is that those birds in which the bursa 
disappears from 6 to 10 months tend to die in the same per- 
iod, This interpretation confers a considerable survival 
value on epithelial persistance, An alternative interpret- 
ation is that the loss of the epithelium is an indication 
but not a cause of impending mortality. 

The question of the identity of persisting epi- 
thelium with younger enlarging bursa epithelium had to be 
satisfied before immunological questions could be asked, 
This was accomplished through morphological, histochemical 
and functional studies of growing, regressing and regressed 
bursa epithelium, The rapid changes due to growth and re- 
gression of the lymphoid tissue of the bursa are only part- 
ially reflected in the epithelium during the five or six 
months the lymphoid cycle occupies, Between three and five 
months, the epithelium becomes less complex in organization 
and a specific cell population disappears. The disappear- 


ance is evident in the disappearance of a morphological class 
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of nuclei and in the reduction of the epithelium to a simn- 
pler organization, The nuclear class in question is ellip- 
soid, hyperchromatic and has one or two nucleoli (Figure 22), 
This fits a goblet cell population described in very young 
epithelium (Ackerman and Knouff, 1959). Goblet cells, how- 
ever, are as numerous in persisting epithelium as in young, 
lymphoid bursa epithelium, These epithelial changes are 
interpreted to mean that at three months there is a popula- 
tion of basal cells which differentiate into elongate col- 
umnar cells, At six to seven months, a considerable propor- 
tion of the columnar cells are no longer present but the 
population of basal and presumable primitive mitotic cells 
remains, 

Histochemical comparisons revealed no difference 
in bursa epithelium throughout lymphoid regression, 

The appearance during lymphoid regression of a 
new and distinct epithelium in the bursa, designated as 
cyst epithelium, is a result of lymphoid follicle degener- 
ation, This epithelium becomes apparent as the medulla of 
the follicle degenerates, and is the remaining undifferent- 
Lated epithelial cell layer which separates cortex and med- 
ulla (Ackerman and Knouff, 1959). Cyst epithelium may per- 
sist as such in order to contain the products of follicle 
degeneration, Similar structures have been described in a- 
trophic mammalian thymus (Glucksmann and Cherry, 1968). 


Histochemically and morphologically, cyst epithelium is dis- 
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tinct from persisting bursa epithelium; the remaining part 
of this study pertains only to persisting epithelium, 

The histochemical studies demonstrated several 
identifying characteristics of bursa epithelium of any age, 
These are: alkaline phosphatase activity adjacent to the 
basal cells, acid phosphatase activity in the cytoplasm ad- 
jacent to the lumen and considerable RNA content of the cy- 
toplasm, Bursa alkaline phosphatase activity has been re- 
lated to lymphopoiesis (Ackerman ail Knoutlti 71963). 5 [ne 
persistence of this enzyme activity long after lymphopoiesis 
has ceased at this site would suggest that the relationship 
of the enzyme activity to lymphopoiesis only be incidental, 

Acid phosphatase in developing bursa epithelium 
ree been associated with the formation and disposal of de- 
bris (Chen, 1968). The presence of potential acid phosphat- 
ase containing structures (Figure 23) and the demonstration 
of acid phosphatase activity in this area in all ages of 
epithelium could indicate a continuation of this type of 
activity. 

RNA content of epithelial cytoplasm is an indica- 
tion of RNA synthesis, This was substantiated by tritiated 
uridine uptake experiments, These experiments demonstrated 
a possible epithelial absorption of material injected into 
the lumen of the bursa and transport through the epithelium 
to the follicular cortex or tunica propria in non lymphoid 


bursas., Conversely, intravenously administered labelled 
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42 
uridine appeared in epithelial cytoplasm, All together, the 


results obtained indicate a continuing spectrum of synthetic 
and potentially absorptive activities in bursa epithelium 
which are probably independent of the lymphoid activities of 
the bursa, 

Other aspects of the functional studies support 
this idea, Within the limits of the techniques employed, 
bursa innervation is not modified during lymphoid regression, 

A comparison of mitotic activity in enlarging and 
persisting epithelium demonstrated a shift in location of DNA 
synthesizing cells, In lymphoid bursas, the mitotic cells 
are restricted to epithelium between follicles. There is less 
extensive incorporation in follicle tissues, Mitotic cells 
in non-lymphoid bursas are not so strictly located in the epi- 
thelium, Many cell clusters are in the stroma or tunica pro- 
pria close to the base of the epithelium, Although the loc- 
ation of DNA synthesis shifts slightly, there is no apparent 
loss of this activity during regression. 

Thymidine incorporation in cells in the degenerat- 
ing lymphoid follicles occasionally present at 7 months of 
age may represent phagocytic activity of cells participating 
in follicle destruction, 

Some conclusions may be drawn from the studies 
just discussed: 

Some epithelial cell population(s) disappear dur- 


ing regression of bursa lymphoid tissue. 
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Other epithelial cell population(s) persist. 


These population(s) are part of bursa epithelium from the 
early stages of organ growth and are present throughout the 
life of the organ, 

Such cells are not necessarily directly function- 
ally related to lymphopoiesis in the bursa but may be indir- 
ectly related to some other immune function(s). 

Before attempting to define any function of per- 
sisting epithelium it was necessary to attempt a demonstra- 
tion of the function of pre-regression epithelium, If the 
relation of the neonatal bursa to development of antibody 
producing cells is definitive, immune activities lost by 
bursectomy should be partially restored if the organ can be 
replaced, This has been previously attempted but the re- 
sults have been somewhat ambiguous. Immune unresponsiveness 
due to surgical or chemical bursectomy has been partially 
overcome by repeated immunizations (Jankovic and Isakovic, 
1966), by implantation of bursas (Isakovic and Jankovic, 
1964) and by implantation within millipore filter chambers 
(St. Pierre and Ackerman, 1965). There is reason to be- 
lieve that some of these positive results may be due to the 
adjuvant action of contamination of transplants and cham- 
bers by bacteria (Dent and Peterson, 1967). 

I attempted to avoid such problems in restora- 
tion experiments by implanting autologous bursa within min- 
utes of extirpation and by measuring immune response in 


terms of natural agglutinin production thus avoiding samp-~ 
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ling stimulation, This type of experiment was suggested by 


Mueller, Wolfe and Cote (1964). The results I obtained 


permit the following generalizations: 


(1) 


(2) 


(3) 


(4) 


The effect of bursectomy is transitory. Most birds 
tend to recover within 4 or 5 months, 

The effect of bursectomy is to delay natural agglutinin 
production in most birds and to suppress it in others. 
In a few individuals the operation caused a short term 
stimulation of natural agglutinin titres with no effect 


beyond that. This may reflect incomplete bursectomy or 


individual differences in the time course of bursa dev- 


elopment, 
Replacement of the bursa restores the antibody producing 
capacity in some of the birds in which this capacity is 
lost, Replacement, at first, tends to delay antibody 
production (in terms of individual titres) for a short 
time and then to stimulate antibody production for some 
six weeks. By twenty weeks the stimulation is not appar- 
ent and all groups tend to have approximately the same 
titre range, 

Bisbaaterny causes severe mortality. Replacement of the 
bursa significantly restores survival. 


These findings relate antibody production and sur- 


vival to the presence of the bursa but not necessarily to 


the presence of bursa epithelium, Autopsy showed a relation 


between the presence of persisting epithelium and a higher 
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antibody titre, but the same data and the two week autopsy 
clearly showed that implanted bursas did not Persist sitio 
until the end of the experiments and, even if implanted suc- 
cessfully, failed to develop further. Thus, the restorative 
action of the bursa is real, but any relation of neonatal 
epithelium to the restorative action is by implication only. 

Bursectomy, as little as one month after hatching, 
does not appreciably affect antibody producing capacity (Muel- 
ler, Wolfe and Cote, 1964). This implies no functional re- 
lation of the bursa or its epithelium to antibody production 
at this time, If there is a relation of either to some other 
immune function, extirpation of the bursa later than one 
month should effect some immune function other than antibody 
production, This was the reasoning which prompted bursectomy 
at fourteen weeks, The first attempt at fourteen week bur- 
sectomy did not reveal any impairment of natural agglutinin 
production, It did indicate a considerable increase in per- 
ipheral leucocytes in blood smears, (The smears were taken 
for bacterial staining because the birds appeared unhealthy, 
but there was no evidence of bacterial infection), Leuco- 
cyte counts of whole peripheral blood were elevated in com- 
parison to sham operated birds or birds bursectomized at 
hatching, A repeated series of similar operations revealed 
a slight decrease in natural agglutinin production in the 
third week after the operation but there was no impairment 


of antibody production in response to specific challenge. 
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One of fifteen birds died after the operation. There was 
no effect of the operation on body weight or survival with- 
in the six weeks after the operation, 

A marked effect of the operation was detected in 
peripheral leucocyte counts in the six weeks following the 
operation, This was a considerable increase in the ampli- 
tude of variation of total leucocyte counts in comparison 
to unoperated and sham operated controls, The whole pop- 
ulation of birds in the experiments demonstrated a remark- 
able uniformity in the tendency of total leucocyte counts 
to increase or decrease from week to week, This cyclic 
Practiarien was exaggerated in bursectomized birds. 

Another effect of the operation was a decrease 
of total leucocyte counts in comparison to unoperated con- 
trols. Bursectomized females tended to have consistently 
lower counts than unoperated controls and sham operated fe- 
males tended to have lower counts than bursectomized fe- 
males, Bursectomized males tended to have lower total leu- 
cocyte counts than sham operated males. Sheridan (1967) 
reported a similar effect of depression of leucocyte counts 
due to bursectomy at hatching in birds seven to twelve 
weeks old, The extreme difference between unoperated and 
operated female leucocyte counts is puzzling. An explan- 
ation may be partially due to a treatment difference, Un- 
operated controls did not receive antibiotic treatment at 


the beginning of the experiment but all other birds did, 
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There is no reason to believe that this flock was ini- 
tially free of bacterial or other infection, The anti- 
biotic treatment of sham operated birds may have reduced 
their bacterial population in comparison to that of un- 
operated controls and thus effected a lesser immune stin- 
ulation, 

An explanation of the exaggerated variation of 
leucocyte counts in bursectomized birds required an exam- 
ination of other lymphoid tissues, This demonstrated a 
clear tendency towards increased spleen weight in both 
sexes and towards increased thymus weights in females on- 
ly. Thymic enlargement was shown to be a real effect, 
evident in the cortex relative to the medulla in females, 
These results (Table VIL) could be taken to indicate a sex 
difference in response to bursectomy for which there is 
precedent in terms of decreased graft versus host capabil- 
ity in bursectomized males (Sheridan, 1967) but the nun- 
bers of birds are not sufficient to permit this interpret- 
ation in my data, 

Statistical treatments of the peripheral total 
leucocyte counts were not applied, This is because leu- 
cocyte counts of chickens are extremely variable, Lucas 
and Jamroz (1961) estimate that one hundred thirty chick- 
ens must be studied to obtain a lymphocyte mean for a pop- 
ulation with 95 per cent confidence that it falls within 


limits of 10 per cent. This simply was not possible in 
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48 
this study, The results of adult bursectomy I obtained 
can therefore only be interpreted in terms of the tenden- 
cies which were apparent, 

At fourteen weeks of age, lymphoid regression is 
in progress, Lymphoid follicles are approximately half 
the size they were at ten weeks of age, Removal of the 
bursa at this time really means the removal of both epi- 
thelial and lymphoid components of the bursa some two weeks 
after the maximum organ size has been reached, Maximum or- 
gan size more closely reflects maximum lymphoid development 
than it does maximum epithelial development, This study 
bee established that the epithelial component will persist 
for a long time after fourteen weeks and that the lymphoid 
component will not, Thus, the implication is that the ef- 
fects of adult bursectomy are more related to the epithel- 
ial component than to the regressing lymphoid component, 
The fact that neonatal bursectomy was clearly related to 
the immune function of antibody production but that this 
relation was not demonstrated by bursectomy at fourteen 
weeks lends support to the implication, 

Clearly, this study has provided evidence demon- 
strating that the immunological importance of the bursa of 
Fabricius extends well into adult life, The nature of the 
evidence implicates the persisting epithelium in a relat- 


ionship with spleen and thymus in maintaining homeostasis 


of the lymphoid system, 
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SUMMARY 


A histological survey of the presence or absence of the 
bursa of Fabricius showed persistence of bursa epithel- 
ium in 77% of adult White Leghorn and 79% of White Rock, 
Black Rock and Barred Rock chickens examined, These 
data were interpreted to suggest that bursa epithelium 
persists throughout life, 

Light and electron microscopic studies indicated that 
a population(s) of epithelial cells disappears during 
lymphoid regression and epithelial cell population(s) 
which persist, are identical with cell population(s) 
present from early stages of bursa growth, 
Histochemical studies confirmed these findings, 

The appearance of a different epithelium during lym- 
phoid regression is described, 

The innervation of the bursa did not appear to change 
during lymphoid regression, 

Bursa epithelium of all ages is notable for RNA content, 
acid phosphatase content and alkaline phosphatase act- 
ivity associated with the basal area, 

Epithelium of growing and regressing bursas was shown 
to synthesize RNA as measured by H?-uridine uptake, 


The location of DNA synthesis as indicated by H?- thymidine 
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50 
uptake was shown to shift to some extent from epithel- 
ial cells in lymphoid bursas to subadjacent cells in 
the tunica propria in non lymphoid bursas. 

(9) Neonatal surgical bursectomy inhibited the production 
of natural agglutinins to rabbit erythrocytes, Natur- 
al recovery returned agglutinin titres to control lev- 
els in four or five months, 

(10) Immediate replacement of excised bursas accelerated 
normal recovery after a short delay. 

(11) Neonatal surgical bursectomy severely increased mortal- 
ity. Replacement of the bursa ameliorated mortality due 
to bursectomy. 

(12) Surgical bursectomy in adults produced entirely different 
effects than the neonatal operation, Bursectomy at 14 
weeks of age significantly increased magnitude of peri- 
pheral leucocyte count variation for five weeks and ef- 
fected a clear tendency towards an increase of thymus 
weight and spleen weight in females and an increase of 
spleen weight in males, 

(13) The suggested explanation is that the operation removed 
a homeostatic restraint on the lymphoid system, 

(14) A further implication is that the persisting epithelium 


is involved in the proposed homeostatic restraint, 
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Table 1 - Explanation of table, Dimensions were 
measured with a calibrated ocular mic- 
rometer and represent the extreme val- 
ues of several observations, The id- 
entification of Alcian Blue positive 
cells and Periodic-acid-Schiff posit- 
ive cells was from sections stained by 
a combined Alcian-blue-PAS method (Cul- 


ling, 1964). u = micron 


TABLE I 


10-15 month 


13 month 13 month persisting l-3 month 
proctodeal coprodeal bursa bursa 
epithelium epithelium epithelium epithelium 

epithelial : : : 
thickness 22-30 u 28-45 u 12-20 u 18-30 u 
t o 
description ; columnar ‘ pseudostrat! pseudostrat! pseudostrat 
! columnar columnar columnar 
i i} 
number of 
cell types 2 ! 3 2 3 
t i 
nuctear shapes | oval 6u~ ! cigar 38 u oval 4u Gieau. 60 
and diamters 1 round 4u 1 round 6u round 4,5 us round 4.5 u 
t round 6 u 
number of ! ! 
8 
levels of nucle? 2 : 4 : 3-4 : 45 
i t t f 
goblet cells no yes no no 
i i] 
PAS positive ' ' 
secretory cells! yes ! yes ! no no 
4 i] q 
Alcian blue : : : 
positive i 1 1 i 
secretory cells yes yes yes ' yes 
i} J i} 
Alcian blue 
positive surfacd : : 
coat : yes : yes : yes ; yes 
i 8 1 j 
epithelial 
gland crypts yes yes : yes no 
: : : : 
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Table 2 - 


Explanation of table, O = ortochromatic 
stain, + = positive reaction, intensity 
denoted by number of +'s, ABPAS = com- 
bined Alcian blue PAS procedure, AB = 
Alcian blue positive staining, hyalur- 
enidase = hyaluronidase digestion ac- 
cording to Pearse, 1961, RNAse w# rib- 
osenuclease digestion according to 
Culling, 1964, trypsin = trypsin dig- 
estion (Culling, 1964), - = negative 


reaction, 


TABLE 2 


Histochemistry of bursa epithelium 


by. 10.5 


Growing (3 month) Persisting (13 month) 
epithelium epithelium 
TREATMENT surface coat cells surface coat cells 
| i] | a 
Azure A pH 3,9 O ++++ ' O ++++ | O ++++ O ++++ 
t q t 1 
hyaluronidase 
Azure A pH 3,9 : O +++ : O ++ O +++ : O +4 
RNAse 
Azace ASpH 3,9 : O ++ : O ++ : O ++ : O ++ 
i | 1 q 
ABPAS AB +++ I AB ++ 4 AB +++ AB ++ 
Q | | | 
hyaluronidase 
ABPAS ; Tn 2 : it " : Tn 2) : " W 
trypsin ! 
ABPAS I AB + i = AB + ! = 
1 | 
Acridine orange ++ $+ + eet 
RNAse 
Acridine orange = ; - ; - “ 
q i 0 t 
Biebrich scarlet ! : ; 
pH. 6,5 44 + ! ++ : £ 
i] § q 
pH 8,0 : + = A i 
i] | i] t 
i 1 i i 
i] '] 6 1 
i} | | i] 
8 8 | L] 
8 | 8 | 
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FIGURES AND EXPLANATION OF FIGURES 
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Figure I - 


This figure represents the results of 
histological examination of 78 White 
Rock, Black Rock and Barred Rock chick- 
ens obtained from the Dept. of Poultry 
Science, University of Alberta, to as- 
certain the presence or absence of the 


bursa, 
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Figure 2 - 


This figure represents the results of 
histological examination of 60 Single 
Comb White Leghorns to ascertain the 
presence or absence of the bursa, 

Note (1). Regression of the bursa in 
Single Comb White Leghorns begins be- 
tween 12 and 14 weeks of age when mea- 


sured by organ weight decrease, 


Note (2). Incidence refers to the per 


cent proportion of birds with demon- 
strable bursa present of all the birds 


examined in the indicated age bracket, 
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: This figure represents survival data from 
28 White Leghorns and the proportion of other White 
Leghorns over the same age range with and without 
bursas. Both groups of Leghorns are from the same 
hatch and were raised under similar conditions, The 
survival curve was obtained from regression analysis. 
.The bursa proportion line was obtained from the his- 
tological analysis of bursa distribution shown in 
Figure 2, 

The survival curve indicates that any 
statistical comparisons of proportions of bursa pos- 
itive birds should be based on age ranges of 0-165, 
165-275, 275-550 days. A chi square test of the hy- 
pothesis that all age ranges reflect the same pop- 
ulation distribution of bursa presence or absence was 


highly significant, 
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Figure 4 - Segment of month old bursa, Hematoxylin 
eosin, 
KW LoS wre ter 


D : ductus deferens 


Figure 5 - Segment of 18 week old bursa, Hematoxylin 
and eosin. X 10. Degeneration of lyn- 
phoid follicles is extensive, small and 
large colloid filled cysts are present in 


most follicles, C : cyst 


Figure 6 - Sagittal section of 5 month old bursa, 
Hematoxylin and eosin, X 10. Lymphoid 
regression is almost complete, lymphoid 
follicles are much reduced in number and 
size, epithelium is condensed into the 
stalk region, C : cloacal area L: loc- 


alization of lymphocyte-like cells, 


Figure 7 - Sagittal section of 15% month bursa, 
Hematoxylin eosin, X 16. Lymphoid re- 
regression is complete, no follicles are 
present, and there are only a few areas 


of lymphocyte like cells, 
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Figure: 3 = 


Figure 9 - 


Sagittal section of 10% month bursa, 
Hematoxylin eosin, X 9, CE : cloacal 


epithelium 


Cross section of 15 month bursa, Hema- 


toxylin eosin, X 24, 


‘ 


" , ‘ype 4 


ape rf 
Nid? 
eae 
‘> 


ry, 


iy 


ve 


i 


Figure 10 - 


Figure 11 - 


Section of 13 week old coprodeal (cloacal) 
epithelium, Alcian blue-PAS stain showing 
intense alcianophilia of numerous goblet 


cells, xX 176 


Section of 13 week old bursa epithelium, 
Alcian blue-PAS, Alcianophilia is re- 
stricted to surface coat and distal 
areas of cells. X 220. E : epithelium 


Ci scorcex M : medulla 
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Picures 2 


Bicureg.o 


Figure 14 


HE CUre mS 


Acid phosphatase activity in 4 year old 
persisting epithelium, Alpha-naphthol- 
phosphate method, xX 750 


Alkaline phosphatase activity in same 
tissue as preceding figure, Alpha- 


naphthol-phosphate method, xX 750 


Section of epithelium and portion of 
lymphoid follicle of 13 week bursa, 
Azure A pH 3.9. X 600 


Section of same bursa as preceding fig- 


unre. ‘RNAse, AzurevA pH 329.5 46720 


Picure wo n— Epithelium of 6 week bursa, Hematoxylin 
eosin, X 1760 


Figure: 1/7 (i dsandelje- Persisting epithelium from 15 
month old bursas, Hematoxylin eosin, 


X 1540 
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Figure 20 - 


Pisure. 21 


Cyst epithelium of a 15 month bursa, 


Hematoxylin eosin, 


X 176, 


Persisting epithelium and cyst epithel- 


ium in a 13 month 


eosin, 


K9505 


C 
P 


bursa, Hematoxylin 


cyst epithelium 


persisting epithelium 
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Figure s22 = 


Section of 12 week epithelium showing 
part of basal area and the typical pre- 
dominant nuclear morphology at this 

age, Osmium, epon, uranyl acetate, lead 


citrate, Xi 920007 
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Figure 23 - Portion of secretory cell of 12 week 
bursa epithelium, This cell shows fea- 
tures which are common to persisting 
epithelial cells: interdigitations, 
terminal bar, Golgi apparatus and sec- 
retory materials, Osmium, araldite, 


uranyl acetate, lead citrate, 


X 36,000 

G : golgi I : interdigitat- 
M : mitochondria ion of cell 
V : multivesicular membranes 


bodies 
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Figure 24 - 


This micrograph shows lumen surface de- 
tails of two epithelial cells of a 12 
week bursa, Osmium, araldite, uranyl 
acetate and lead citrate, 


X 87,600 S : Secretory material 
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FicurerZou= Epithelial and basal cells of 26 week bursa, 
Osmium, araldite, uranyl acetate and lead 


citrate. X 9,000 


Figure 26 - This shows an enlarged view of an epith- 
elial cell in the previous micrograph, 
The features described in 12 week epith- 
elial cells are apparent in this cell. 
Osmium, araldite, uranyl acetate and 


lead citrate. X 12,000 
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Figure 27 - Lumen surface details of 26 week epi- 
| thelial cells. Osmium, araldite, 
uranyl acetate and lead citrate, 


Reg 55320 
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Bieures 26 


Figure 29 


Fizure 30 


Figure 31 


Autonomic (parasympathetic) ganglion 
at base of 20 day embryonic bursa, 


Holmes silver impregnation, xX 186. 


Neurons approaching developing lym- 
phoid follicle cortex in a 20 day em- 
bryonic bursa, Holmes silver impreg- 


nations 22570. 


Adrenergic fibres in periphery of 27 
week old bursa, Falck paraformalde- 
hyde fluorescence method, X 176, 


L : lumen E : epithelium 


Demonstration of nerve fibres near 


persisting epithelium of 17 month bur- 


sa by methylene blue uptake, The epi- 
thelial cells are post stained with A- 


zure, A at pH: 3.9. Xi 2342 


Figure 32 - 


Figure 33 - 


Figure 34 - 


Neurons close to and approaching per- 
sisting epithelium in a 15 month bursa, 


Holmes silver impregnation, xX 500 


Reticulin fibres in tunica propria of 
8% month bursa Gomori reticulin meth- 


ods 7/1) 1g60 


Reticulin fibres in 15 month bursa, 
Gomori, X 460. 

This figure and the preceding figures 
serve to demonstrate the difference be- 
tween neurons and reticulin fibres and 
that Holmes impregnation does demon- 


strate neurons and not reticulin fibres, 


ay 
é i) we’ 
aay 
x yew 4 
a ‘v, 
é 


y : 

” iA ey } 

ene 

; att ie ¥ 
ime C 


) a" ry P : ‘ 
TY A i ae iT) ¢- mid ; 
me ae Re: by , = UT 
Po iF : if hi ‘ * f “ ihe a V7 is if uy APs 
7 y aie ery alan mn! jae : 4 
i ae Oe Ne 7h i an sy he wat 
Cee Cee ee 


g ‘ 
Ty 
fl 
2/4 
ee | ; a , mary 
eialGD Mest uy ; i‘ « 
to rhanss = TJ } 
Ted B81 Saw ¢ a7 ot BS Bus 4 , ; 
é 
Bij s@un>4 WJ 
— | ‘* | Bs 


. va - . - 7. | ’ ° . i - tet % 
Og irts 7 a! BQ ‘ : i 
in 


Bee viezioatwoe edousyvaisn y 
. > 


. i ' 
’ foc | 1 5 1) ‘- 


Figure 35) = Each point represents the mean ¢raim cours 
per cell of at least 500 cells in each of 
5 bursa fragments, The fragments were labelled 
in short term tissue culture, Because the 
counts were made of areas of cells, both lab- 
elled and unlabelled cells are included, Al- 
though the labelling was weak and largely attri- 
buted to non-specific surface absorption (text, 
page 17) this figure was included because of 
the similarity of the labelling pattern to 
that obtained through intravenous administra- 


tion Of sotope, in vivo. (hicure:36)), 
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Figure 36 - 


This figure represents grain counts from 
autoradiography of H-? uridine and 13 
thymidine incorporation in 13 week old 
and 28-29 week old bursas, In this at- 
tempt the isotope was either injected 
directly into the bursa or intravenous- 
ly or both, Each point represents the 
mean grain count per cell in at least 
100 cells in 10 adjacent sections, 

Each box represents one bursa, The ex- 


periment was comprised of 5 birds, 
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Pi cuTreyo7 (= Autoradiograph of H? -uridine incorpora- 
tion in 29 week old bursa, 50 micro 
Curies were injected into the lumen of 
the bursa, Labelling was for 90 min- 
utes, Autoradiographs were exposed for 


3 weeks, Hematoxylin eosin, X 350. 


Figure 38 - Autoradiograph of H? -uridine incorpora- 
tion in 29 week old bursa, Conditions 
were identical to the previous autorad- 
iograph with the addition of RNAse dig- 
estion for 2 hours after labelling, 


Hematoxylin eosin, X 350. 


Figure 39 - Autoradiographs of H -uridine incorpora- 
tion in 13 week bursa, 50 micro Curies 
were injected into the bursa lumen, Lab- 
elling was for 90 minutes, Exposure was 


3 weeks, Hematoxylin eosin, X 160 


Figure 40 - Autoradiograph of H? -uridine incorpora- 
tion in a 28 week bursa, 850 micro Curies 
were injected intravenously and locally. 
Labelling was for 24 hours, Exposure was 


3 weeks, Hematoxylin eosin. X 350 
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Figure 41 - 


Figure 42 - 


Figure 43 - 


Figure 44 - 


Autoradiograph of H -thymidine incorp- 
oration in a 13 week bursa, 50 micro 
Curies injected into the bursa lumen, 
Labelling for 90 minutes, Exposure for 


3 weeks. Hematoxylin eosin, X 205 


Detailed view of part of epithelium and 


follicle of previous Figure, xX 640 


Autoradiograph of H -thymidine incorp- 
oration in 28 week old bursa, 850 mic- 
ro Curies were injected intravenously 
and locally. Labelling was for 24 hours, 
Exposure was for 3 weeks, Hematoxylin 


eosin, xX _ 600 


Detailed view of a degenerating lymphoid 
follicle from the same tissue as the pre- 


vious autoradiograph, xX 160 
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Figure 45 - Explanation of Figure, 
The data for all 3 bursectomy-replacement 
experiments were pooled, The mean titre 
of natural antibody to rabbit erythrocytes 
of the control groups for each week of the 
experiments was calculated, The difference 
of each individual bursectomy or replacement 
titre from the control mean was calculated, 
The mean of the differences for each week 
was calculated and plotted, The lines were 
fitted according to the regression of the 
mean of the difference on days of age, The 
slopes of the lines were significantly dif- 
ferent (p .01) according to students t test, 
Standard errors were calculated for the 
means but were not displayed as they did 
not exceed = 0,73 logy units. The 7 week 
average of the standard errors for the # 


means was 0.47, for the $-B means, 0.33, 
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Figure 46 - 


The proportion of antibody producing in- 
dividuals in each group was calculated 

on the total number of individuals in the 
group. The lines were drawn from regres- 
sion formulas, The total numbers of in- 
dividuals in each group in this and the 
preceding figure were; control 20, bur- 


sectomy 18, replacement 22, 
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Figure 47 - 


Frequency distributions of titres of 
all birds in each experimental group 
at 8 and 16 weeks after the opera- 
tions, The curves are only drawn to 
approximately fit the points in view 
of the low numbers of each group; 
control 20, bursectomy 18, replace- 


ment,.22. = een Serr 
16wk. 
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Figure 48 - Survival of commercial White Leghorns 
following bursectomy and replacement of 
the bursa, The numbers of each group 
and the mean survival in days are: con- 
trol (31) 109.3 days, bursectomy (23) 
79.4 days, replacement (22) 99.6 days. 
(Fo, 73. 44,27 ***), A t test of means 
demonstrated significant differences 
only between control and bursectomy 


means (p.05). 
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Figure 49 - 


Natural agglutinin production and body 


weight in birds bursectomized or sham 


_operated at fourteen weeks of age, 


Standard error is shown only where 


there is no overlap. 
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Figure 50 - 


Mean total peripheral leucocyte counts 
per cubic millimeter of blood in female 
birds bursectomized, sham operated or 
unoperated at fourteen weeks of age, 
Standard errors are indicated, Indiv- 
idual numbers are indicated, The four 
unoperated control females did not re- 
ceive antibiotic treatment at fourteen 


weeks, all other individuals did, 
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Mean total peripheral leucocyte counts 
per cubic millimeter of blood in male 
birds sham operated or bursectomized at 
fourteen weeks, Standard errors and 


individual numbers are indicated, 


NOILVasdO 1SOd SAVO 


Ge 9Z \Z S| ? - 
OV 
(@) 
Cc 
= 
(¢) os © 
AWOLD3SUNG . 
n 
on 
(9) WVHS OL 
Saula 3JIVW 


/SALADODNAI WLOL NVAW 


$3. 


} 


= 
= 


F 
SO2L ObthwLi0M 


BWAc 


6 
a 
; as 
ne oh 7 
: J 
J f mm & 
ora S 


Pacinewo. P— 


Total peripheral leucocyte counts per 
cubic millimeter of blood in two bur- 
sectomized females and two sham oper- 
ated females over a twenty four hour 
period, 

epee ieee tenet 


sham operation 


\\ \\ 
\ 
. 
’ \ 
\ 
\ 
! \ 
7 S7 
ee Ids 
7 
Z 
2a 
ce 
x 
= 
\ \ 
\ 


OL x ww N/ SZ1ADODNAI IWLOL 


0830 


2230 


1630 


ro) 
~* 


0830 


Pl 


pir 7 
A 


/ 


f 


v4 


~, 


h 


; ss 
yr dyenarget waaeybe 


, hae | mays oF 4 : 


bleed 


eS ee 


aa} 
vig 
1) <a 


Ovo 


o3.® 


\ 
+s 1 P un on 2 ¢ _ 
235 £8. r bis Lo 6. GB 
tr ot fest par ery 
: 
: i] 
7 - 
» ™ : 


a 6 
7s 
= ' 
' { 
Gad 5, om b ail 
‘ avy f 2 ~ ¢ Tea 
ee rT as) 
be 
tefsutny ofT esoreta 
ia BS : 
, * , : 
2 , +e iH’ « ef -< . 
dA S r hs 7. ce 
e 
; ; + , i ® . a 
; sft. JE ssi id... Gat 
- ‘ ws é 5 7 
aif .SINworTic@ie <9 
1 Rae ats vir : i  . } Wr? 7 w 
af ® a } 
= y _ oY — » ae | me § La - 
oD a adh 1 C% be 


— 7 
‘> — f 
jo~s- ad . 


Jo NI 
Wwidi 


Figure 53 = Relation of relative size of thymus 
cortex and medulla in female bursect- 
omized or sham operated at fourteen 
weeks of age, At twenty weeks of age, 
histological preparations of sections 
of thymus lobes were measured in terms 
of ocular micrometer units to arrive 
at the relative thickness of the cor- 
tex and medulla, Each point repres- 
ents the mean value of at least 10 
sections of two thymus lobes from one 
individual bird, The lines were ob- 
tained from regression analysis of 
cortex thickness on medulla relative 
thickness, The correlation coeffic- 
ients were bursectomy 0.77, control 
sham operated 0.46, The low numbers 
of individuals did not permit a test 
of significance, The slopes of the 
lines (b), were significantly differ- 


ent by t test. (t 3.266 **), 
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